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1. Introduction 
The core target of the project is the preparation of foams based on polyphenylsulfone 
(PPSU), a high performance and high temperature thermoplastic, and their subsequent 
characterization in terms of cellular structure and thermal properties. In a later stage, 
different amounts of graphene nanoplatelets (xGnP) will be added, with the objective of 
enhancing the mechanical and functional performance of the foams. The attractive of 
the project resides on the research of new possibilities for a material intended for high 
performance applications by means of reducing its density, enhancing its thermal and 
mechanical performance and extending its functionality. 
Essentially, the density will have to be reduced as much as possible, with a minimum 
requirement of a 50% reduction regarding the original PPSU density which is 1,31 
g/cm3. 
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2. State of the art 
 
Lately, in a wide range of industries the need of lighter materials with high benefits has 
been primordial. A polyphenylsulfone foam could greatly fulfil these demands, due to its 
intrinsically high heat and chemical resistances and the chance of improving the overall 
performance or specific properties with the introduction of nanoparticles, without 
forgetting the density reduction of becoming a foam. Some applications of a high-
temperature polymer foam as the PPSU goes from core of light-weight sandwich 
structure for automotive or aeronautic industries to even medical devices parts. 
 
Members of the polysulfone (PSU) family are among the most amorphous 
thermoplastic materials available. Due to their chemical structure, they are used 
primarily in high-temperature applications.  
 
PSU is produced via a multi-stage polycondensation reaction with bisphenol A and 
dichlorosulfonyl sulfone, which results in a linear amorphous structure. In the case of 
PPSU more complex processes are necessary for achieving the requisite high-level 
properties and low water absorption characteristics [1]. 
PPSU are usually prepared by polycondensation of the chlorinated BPS derivative 4,4‘-
dichlorodiphenylsulfone (short Cl-BPS-Cl) with BPS (PES) or DHBP (PPSU) in an 
aprotic polar solvent such as N-methylpyrrolidine (NMP) or sulfolane. By final addition 
of chloromethane, the hydroxyl end groups of the linear polymer chains are partially 
methoxylated [2]. 
The resulting chemical structure of the PPSU is: 
 
 
Figure 1.Representation of the repetitive unit of the PPSU. Source: [3] 
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2.1. Foaming experiments with Polysulfone (PSU) 
 
In a study from the University of Washington [6], microcellular and nanocellular PSU 
foams were fabricated. The process used was the already mentioned solid-state 
foaming.  
Firstly, they did sorption experiments with the raw PSU, making it absorb CO2. This 
process consisted in putting the PSU sample with CO2 in pressure vessel at a constant 
5MPa and also the temperature was controlled. The sorption continued till the sample 
stopped increasing its weight.  
Then, took place the foaming process. The CO2 saturated PSU was bathed in a 
silicone oil at a specific foaming temperature during one minute. Subsequently it was 
introduced in a cold oil bath to stop the foaming. 
Finally, with this study they achieved to create microcellular, with cell size up to 8 µm, 
closed nanocellular, with cell size between 20 and 30 nanometers, and bicontinous 
nanoporous structures.  
 
 
2.1.1. Foaming experiments with PPSU 
 
If we move to the topic that concerns us, studies with PPSU has also carried out, again 
using the solid-state foaming process. In a specific study, they took different saturation 
pressure (6 MPa, 15 MPa and 30 MPa) to obtain different amounts of CO2. The 
temperature and time set for this sorption process was set to 25º and 60 hours. The 
foaming process took place in an oil bath with temperatures between 150ºC and 220ºC 
and times from 1 to 5 minutes. 
 
 Obtained foams utilizing the already mentioned solid-state foaming process of a 
microcellular between 2 and 13um. Recently using the pressure system with different 
saturation pressures to have diverse cellsize due to the amount of CO2, the range of 
the results went from 21nm to 56nm for pressure of 30 and 15MPa respectively. With a 
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pressure of 6 MPa the cellsize rised to the microscale but the density was the lowest 
among all the results. 
 
2.2. Water vapor-induced phase separation (WVIPS) experiments 
 
In our study, the foaming process used is the water vapor induced phase. This process 
has already been used to foam polyetherimide [4]. Basically, it consists in making a 
solution of the polymer with a solvent and the foam is acquired when it is exposed to air 
with certain humidity and temperature. With the polyetherimide the results of the size of 
the cell were in the microscale. This process also allows the introduction of 
nanoreinforcements, which will be a fundamental part of the project.  
In previous experiments with similar high-performance thermoplastics for advanced 
applications, such as polyetherimide (PEI), it was possible to successfully prepare 
foams using the water vapour-induced phase separation (WVIPS) process, with the 
addition of graphene nanoplatelets significantly raising the electrical conductivity of the 
resulting foams, hence indicating the high probability of achieving optimal results in our 
project. 
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3. Experimental procedure 
3.1. Material characteristics 
Polyphenylsulfone: 
The polyphenylsulfone is the TECASON P MT black. Provided in black color and 
cylindrical bar shape with 1,31 g/cm3 density. It has the following parameters: 
Modulus of elasticity at 1mm/min has a value 2300 MPa. At a rate of 50mm/min the 
tensile strength is 81MPa, the elastic limit tension it’s also 81MPa, an elongation at 
yield of 7% and elongation at break of 5%. In the flexure test at 2mm/min and 10N has 
a modolus of elasticity value of 2300MPa and a flexural strength of 107MPa. At a 
compression rate of 5mm/min has a compression resistance of 18 and 30 MPa at 1 
and 2% respectively and a compression modulus of 2000MPa. 
Regarding the thermic properties has the vitreous transition at 218ºC, a short service 
temperature of 190ºC and a continuous service temperature of 170ºC. 
Graphene nanoplatelets: 
Regarding the graphene nanoplatelets, they are short stacks of one or more graphene 
sheets with a platelet shape. Thickness goes from 5 to 10 nanometers. The 
composition of these shits is exactly the same as the carbon nanotubes walls but with a 
flat structure. Their pure graphitic composition makes them outstanding thermal and 
electrical conductors and the plane structure provides barrier properties. Unexpectedly 
for a material that has all the previous attributes, it also improves mechanical qualities 
as strength, stiffness and surface hardness of the matrix material.  
The barrier properties consist in a reduction of the permeability, which makes gaseous 
molecule’s escape path longer and complex. The diameter of the particles has a 
special relevance here, so as the bigger is the size, lesser is the permeability. It con 
goes from 1µm to 100µm. 
As mentioned, the xGnP are exceptional conductors, which can make the polymers 
that reinforces acquire electrical conductivity. As an example, with just loading levels 
about 2-3%wt for thermosets and 5-7%wt for thermoplasctics, ESD and EMI shielding 
capabilities are achieved. Concerning the thermal conductivity, is particularly 
noteworthy the lower thermal contact resistance at lesser loading levels compared with 
nanotubes and carbon fibers, as a result of the xGnP morphology. Consequently, the 
polymers achieve higher thermal conductivities. Moreover, the introduction of the 
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reinforcement can lower the thermal expansion coefficient of most polymers and also 
increase the ultimate use temperature.  
N-metil-2-pirrolidona (NMP): 
As solvent for the process, the NMP was the selected option, because it has a high 
solubility with thermoplastics. Moreover, it has already shown its effectiveness with the 
polyetherimide [4] which has similar properties to the PPSU. Even thought N,N-
dimethylformamide could be a good option due to it has a low interfacial tension which 
favors the dispersion of the graphene but the NMP also has this characteristic. 
3.2. Foaming process 
3.2.1. PREPARATION OF THE SAMPLE 
In order to fabricate the foams, the method used is the already mentioned water vapor-
induced phase separation (WVIP). The process has followed the subsequent phases: 
The first step to prepare the foam consists in cutting the PPSU bar with the saw into 
thin disks of 2-3cm thick and also some smaller pieces, which will make easier to 
weight the needed quantity of polymer and also facilitate a properly dissolve. 
  
Figure 3 
   
The following phase is the preparation of the dissolution. Two solutions will be done, 
one with 15% of PPSU and another one with 25% of PPSU in weight, in order to see 
the differences in the structure depending on the concentration.  First of all, 50 ml of 
Figure 2 
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NMP are taken as a reference and measured in a beaker, then the PPSU is weighted 
in a precision balance. 
 
Figure 4 
Once known the solute quantity needed (4.2.3) and prepared, it’s time to dissolve the 
PPSU into the NMP. The dissolution process consists in putting the beakers with NMP 
into the stirring machines with the magnet inside the liquid, and gradually adding the 
PPSU, letting the polymer dissolve properly. The machine also produce heat in order to 
maintain the mixture at a certain temperature and favoring the dissolve. The process to 
completely dissolve the PPSU lasted a whole day with the following parameters: 450 
rpm stirring speed and a temperature of 50Cº.  
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Figure 6 
The next step is the water vapor-induced phase separation (WVIPS). Firstly, the 
solutions are evoked from the beaker to a petri dish. Each solution was divided in two 
specimens of 25 g.  
  
Figure 7       Figure 8 
 
Then the samples are exposed to air in a certain humidity and temperature. Here starts 
the foaming process, where the NMP escapes from the solution and the PPSU starts to 
solidify in a cellular structure. The process lasted two days and in order to obtain an 
Figure 5 
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optimum structure the NMP had to be delicately removed from the surface of the 
specimens with a paper 
  
Figure 9      Figure 10 
Once the PPSU foams are completely solidified, are removed from the petri dishes and 
introduced in an alcohol bath for a day in order to remove the remaining NMP that the 
samples still have. 
 
 
 
 
 
 
 
 
After the alcohol bath the samples are moved to a hot water bath at 40 Celsius degrees 
for two days with the same objective. Vinegar is added in order to protect the samples 
from the high lime that the water contains and petri plates are used to submerge them. 
Figure 11 Figure 12 
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Figure 14 
To avoid big deformations obtained in the first attempts, as a solution, we used the 
petri plates as barriers at the bottom to don’t allow contact between the specimens and 
the pot, and a plastic net to submerge them in order to have them completely dip. 
 
Figure 15 
 
Figure 13 
 15 
 
Finally, the samples are vacuum dried, first at 100ºC for a day more or less, then at 
120ºC and lastly at 160º until there has no changes in the mass of the specimens, 
which means that there isn’t dissolvent left. To use the stove, first of all, the specimens 
are putted inside, then the temperature must be set and lastly the vacuum pump is 
used to fix the desired pressure, in our case -65cmHg. 
   
Figure 16      Figure 17 
 
3.2.2. Foaming process with nanocomposites 
The process for the samples with nanocomposites, graphene nanoplatelets in our 
case, followed the same stages of the raw PPSU foam but with the addition of a 
preliminary step where the xGNP is mixed with the NMP and sonicated in order to have 
a homogenous distribution along the solution.  
Firstly, the amount of xGnP must be weighted and then added to the NMP, this 
operation must be done very carefully and with all the security means, as glasses or 
mask, due to their small size which could hurt the eyes or the respiratory system. 
Then the beaker is introduced inside the sonication machine which will disperse the 
xGnP, The model and specifications: Fisher Scientific FB-705 high-power 
ultrasonication probe (Hampton, NH, USA). probe 12mm, during 30 min with a beaker 
of 50 ml. 
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Figure 18 
While the sonication the solution heats up due to the high incoming energy, so to avoid 
that, the beaker is introduced in a cold bath with water and ice. In the case where the 
temperature raised above a certain number, in our case 80ºC, the machine stops the 
process and when it is cooled you can continue the process from the point where it 
stopped.   
 
Figure 19 
While the dissolution process, due to the adding of a reinforcement to the NMP it 
became less soluble, which made harder to dissolve the PPSU, concretely the 
solutions with 25% PPSU and 5 or 10% of graphene took 2 days instead of one to 
completely solve, and sometimes was indispensable to rise the stirring speed and 
temperature to favor the process avoiding the magnet getting stuck. 
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3.2.3. Solution concentrations 
In order to calculate the needed amount of PPSU for each dissolution, as an example: 
15% PPSU in NMP 
50ml NMP → 47g 
15
100
=
𝑥
𝑥+47
; 15(𝑥 + 47) = 100𝑥; 85𝑥 = 705;  
𝑥 = 8.30𝑔 PPSU 
25% PPSU in NMP 
50ml NMP → 45g 
25
100
=
𝑥
𝑥+45
; 25(𝑥 + 45) = 100𝑥; 75𝑥 = 1125;  
𝑥 = 15.00𝑔 PPSU 
 
There was a total of 10 samples prepared with different concentrations, form 0% of 
graphene nanoplatelets to 10%, with 1%, 2% and 5% between them. 
 
SAMPLE PPSU (g) NMP (g) Gnp (g) Polymer 
in solution 
(%) 
GnP 
(wt%) 
Total 
solution 
weight 
(g) 
PPSU 15 8.906 50.513 0 14.988 0 54.419 
PPSU 25 15.957 47.833 0 25.015 0 63.79 
PPSU 15 
– 1GnP 
8.824 50 0.089 15 1 58.913 
PPSU 25 
– 1GnP 
16.667 50 0.168 25 1 66.835 
PPSU 15 
– 2GnP 
8.824 50 0.180 15 2 59.004 
PPSU 25 
– 2GnP 
16.667 50 0.340 25 2 67.007 
PPSU 15 
– 5GnP 
8.824 50 0.464 15 5 59.288 
PPSU 25 
– 5GnP 
16.667 50 0.877 25 5 67.544 
PPSU 15 
– 10GnP 
8.824 50 0.980 15 10 59.804 
PPSU 25 
– 10GnP 
16.667 50 1.852 25 10 68.518 
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3.3. Scanning Electron Microscope (SEM) 
To see the final structure of the foams and the cell size and density the machine used 
was the scanning electron microscope,JEOL JSM-5610, which takes the images by 
scanning the surface of the samples with an electron beam. In order to have a correct 
performance the samples are coated with a thin layer of gold to increase the 
conductivity at least on the surface, which is a core requisite of this type of 
microscopes. 
The specimens were cut by impact in a quadrilateral shape of 5 mm side more or less. 
 
Figure 20 SEM Source: [5] 
 
 
3.4. Thermogravimetric analysis (TGA) 
The thermogravimetric analysis consists in measuring the mass of a sample over time 
in function of the temperature. The TGA/DSC 1 Mettler Toledo STAR System analyzer 
allow us to now the degradation of the sample when the temperature rises. 
The samples we cut were of 8mg more or less, measured with a high precision scale. 
And the process took the following steps: 
Heating from 30 to 1000°C at a rate of 10°C/min. 
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Figure 21 
3.5. Differential scanning calorimetry (DSC) 
The DSC compares the heat difference between a sample and a reference as function 
of the temperature. The model used was a Q2000 from TA instruments (New Castle, 
DE, USA) with refrigerated cooling systems (RCS 90).  
In our procedure the samples were cut with a weight from 5 to 6.5 mg. 
And the process took the following steps: 
The heating process followed the next parameters: 
20 to 300Cº with 10Cº/min heating rate. 
 
Figure 22 
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4. Results 
As our core objective we achieved polyphenylsulfone foams with cells in the 
micrometer scale and a huge reduction in density. 
 
4.1. Final specimens shape 
As we can clearly see in the pictures some of the samples deformed during the 
process. It occurred when they were dried, so one of the possible reasons could be 
that during the drying, the residual NMP when tried to escape from the samples they 
were deformed. To avoid this the hot water bath duration was increased from 1 day to 
2 days in order to remove the remaining NMP. As previously mentioned, also as a 
solution, during the hot bath, the petri plates were changed of position and used to 
avoid the samples getting in contact with the pot, which with the high temperature could 
deform a bit the specimens and getting worse with the drying step. 
The samples are identified with: (the initial PPSU%) - (the xGnP%) G – (and 1 or 2) to 
differentiate between the two samples achieved with one solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23 Figure 24 
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Figure 26 Figure 25 
Figure 27 Figure 28 
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Figure 29 Figure 30 
Figure 31 Figure 32 
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Figure 33 Figure 34 
Figure 35 Figure 36 
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Figure 37 Figure 38 
Figure 39 Figure 40 
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Figure 41 Figure 42 
Figure 44 Figure 43 
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Figure 47 
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Figure 50 
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Figure 51 
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Figure 53 Figure 54 
Figure 56 Figure 55 
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Figure 57 Figure 58 
Figure 59 Figure 60 
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With pictures we can also contrast the top part with the bottom one, the bottom face is 
completely straight while the upper face present rugosities due to the apparition of cell 
from the foaming process. Moreover, the accumulation of dissolvent aggravates the 
proliferation of these holes, so a minimum inclination could make the dissolvent to 
concentrate just in a side and ending with different structures on the surface, as we can 
see in the Figure. To dodge this problem a flat surface was searched with a bubble 
level. 
The samples 25-5G and 15-1G were redone due to the great deformations as we can 
see in the figures. 
 
4.2. Density calculation and comparison 
In order to calculate the density of the specimen’s, samples with a square shape of 2 
cm side were cut and weighted. To calculate the density: 
 r = m/V 
Where the volume is the product of the 3 dimensions of the polyhedron. In order to get 
accurate results three sections for each dimension where measured and was 
averaged. 
 
 
 
 
Sample X (cm)     Y (cm)     Z (cm)     V (cm3) 
15´-2 2,123 2,152 2,09 2,271 2,27 2,294 0,174 0,18 0,175 4,1702359 
15-1G-2 2,212 2,122 2,154 2,211 2,182 2,16 0,174 0,171 0,176 3,94881214 
15-2G-1 2,219 2,24 2,244 2,159 2,234 2,179 0,173 0,174 0,175 4,15307841 
15-5G-1 2,208 2,188 2,166 2,285 2,209 2,165 0,169 0,153 0,167 4,04515524 
15-10G-1 2,193 2,179 2,139 2,172 2,143 2,139 0,16 0,162 0,162 3,85787563 
25´-1 2,177 2,232 2,243 2,182 2,182 2,223 0,164 0,163 0,157 4,12678726 
25-1G-1 2,245 2,273 2,25 2,169 2,213 2,167 0,171 0,179 0,182 4,18987874 
25-2G-1 2,228 2,243 2,237 2,209 2,218 2,217 0,202 0,198 0,201 4,33182472 
25-5G-1 2,234 2,192 2,153 2,172 2,192 2,13 0,216 0,208 0,204 4,09267745 
25-10G-1 2,242 2,255 2,213 2,191 2,164 2,145 0,176 0,182 0,183 4,10718605 
Table 1 
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Next there is the table with samples and their density calculated. 
 
Sample Mass (g) V (cm3) Density (g/cm3) 
15´-2 0,24868 0,22117155 0,29175078 
15-1G-2 0,2356 0,20029438 0,28717744 
15-2G-1 0,25 0,20996589 0,29353946 
15-5G-1 0,2498 0,18835415 0,31564731 
15-10G-1 0,2268 0,1700845 0,301082 
25´-1 0,346 0,2004001 0,44050881 
25-1G-1 0,401 0,24666035 0,45915695 
25-2G-1 0,481 0,3267751 0,48485479 
25-5G-1 0,415 0,31917358 0,41761881 
25-10G-1 0,37 0,24301269 0,42338196 
Table 2 
 
As we can see, for all our specimens the densities are far away from the 1,31 g/cm3 of 
the original PPSU, and also smaller than 0.75 g/cm3, which means that the foams meet 
the principal requirement. Besides, we can’t see a clear correlation between the 
quantity of graphene and the density. Also, should be mentioned that the density of the 
15% PPSU samples is much lower than the 25% 
 
 
 
4.3. SEM 
With the SEM we took images from the samples with various amplifications and zones 
to have the maximum information: 
A full view of the sample with and amplification of x50. 
A view of the top part of the sample at x100 zoom. 
The same amplification as the previous one but from the bottom part with the objective 
to see the cell size variation: 
And lastly a x300 zoom from the central zone. 
At a first glance, it’s clearly seen the contrast in cell size between the bottom part of the 
samples and the top part. With a bigger cell size as we go up. The main reason for this 
could derive from the fact that the NMP was deposited at the superior face of the 
specimen. Comparing the results, it’s reveled that a higher concentration of PPSU in 
the solution shows a smaller sell size in the upper zone, also a higher concentration of 
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xGnP produce similar effects, thus reducing the variation among zones. The foams 
present cells with a spherical and can be expected that will have certain porosity due to 
the WVIPS which consists of the exchange of the NMP for water vapor. 
 
 
 
4.3.1. 15% 
 
Figure 61 
 
 
 
 
4.3.2. 15%-1G 
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Figure 62 
 
Figure 63 
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Figure 64 
 
Figure 65 
4.3.3. 15-2G 
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Figure 66 
 
Figure 67 
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Figure 68 
 
Figure 69 
4.3.4. 15-5G 
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Figure 70 
 
Figure 71 
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Figure 72 
 
Figure 73 
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Figure 74 
4.3.5. 15-10G 
 
Figure 75 
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Figure 76 
4.3.6. 25% 
 
Figure 77 
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Figure 78 
4.3.7. 25-1G 
 
Figure 79 
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Figure 80 
4.3.8. 25-2G 
 
Figure 81 
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Figure 82 
 
The first picture shows that the foam has deformations this is because the impact to cut 
the sample wasn’t correct. 
 
With these results, now can be calculated the cell size and density of cells in order to 
see which relation there is with the % in weight of PPSU from the solution and the % of 
graphene nanoplatelets. 
The cell size is calculated tracing 10 equidistant lines into the images and measuring 
the cells that they cross. Then must be done the average between the cells of a single 
line and subsequently the average between the different lines. 
In order to calculate the cell nucleation density and cell density the equations used are 
[4]: 
𝑁0 = (
𝑛
𝐴
)
3/2
∗ (
𝜌𝑠
𝜌𝑓
) 
𝑁𝑓 =
6
𝜋𝛷3
∗ (1 −
𝜌𝑓
𝜌𝑠
) 
Where 𝑁0 is the cell nucleation density, the 𝑁𝑓 the cell density, n is the number of cells 
in the image and A the area.  𝜌𝑓 and 𝜌𝑠 are the densities of the foams, which we have 
already calculated and the density of the solid without foaming. In the last one must be 
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taken into account that for the samples with reinforcements it will change depending on 
the quantity of xGnP. 
 
 
Sample Cell size (µm) N0 (cells/cm3) Nf (cells/cm3) 
15-1G-1a 96,84640775 50248517,3 1644757,547 
15-1G-1b 28,34794577 411230268,2 65582453,05 
15-2G-1a 63,31538285 166582204,1 5860989,666 
15-2G-1b 21,97688673 706420291,3 140152277 
15-5G-1a 52,64192083 121922636,7 10041096,76 
15-5G-1b 23,17040157 573008890 117753995,9 
15-10G-1 32,29376925 557347439,4 44503826,53 
25´-1 15,09520587 1622357571 368534497,8 
25-1G-1 10,67420024 3775918165 1023651544 
25-2G-1 10,61253505 461286487 1014403285 
Table 3 
Because of the plastic deformation on the examined surface, the 15% raw PPSU foam 
wasn’t valid to do the calculations. Also, the 25-5G and 25-10G specimens as a result 
of repeating the samples due to the deformations, weren’t available to take part in the 
scanning. 
With the calculated results can be confirmed that the addition of graphene 
nanoplatelets reduce de cell size of the foams. For example, the top zones of the 15% 
PPSU foams as the xGnP increased, the cell size highly reduced, moreover with the 
scans we can observe that the cells are distributed more uniformly. 
 
4.4. DSC results and discussion 
The DSC test shows as the heat flow as a function of the Tº. It has high importance 
because we can distinguish the process that passes through the material during the 
heating and cooling stages. For example, one of the most remarkable properties that 
can be found in the graphics is the glass transition temperature. In the Figure can be 
compared the heat flow for the different foams. With 10% of xGnP the heat flow is the 
highest while with a 0% the heat flow at the glass transition temperatures is the 
smallest. Also, because there aren’t big displacements between the glass transition 
temperatures means that there isn’t remaining NMP 
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Figure 83 
4.5. TGA results and discussion 
One of the main aspects of the TGA is that it can help us to detect if there’s still 
remaining NMP. If the mass decreases before arriving the main degradation of the 
sample, means that there was something with lower thermodynamic properties as 
could be the NMP. With the following pictures can be compared how the raw PPSU 
draws nearly an horizonal at the begin unlike the 15-5G-1 PPSU. 
 
Figure 84 
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Figure 85 
 
With the following table we can compare the foams behave as function of the graphene 
nanoplatelets.  
Sample 
T (Cº) 
5%loss 
T (Cº) max 
degradation 
rate 
Left (%) at 
1000Cº 
PPSU raw 535,56 600,9 43 
PPSU 15-2 502,75 564,51 44,48 
PPSU 25-1 511,02 565,21 45,24 
PPSU 15-
1G-2 510,93 576,96 42,48 
PPSU 25-
1G-1 514,75 573,39 43,5 
PPSU 15-
2G-1 513,92 576,03 45,18 
PPSU 25-
2G-1 506,84 577,04 43,05 
PPSU 15-
5G-1 501,12 568,63 49,5 
PPSU 25-
5G-1 514,6 572,21 49,59 
PPSU 15-
10G-1 509,96 566,66 53,93 
PPSU 25-
10G-1 508,04 570,39 53,6 
Table 4 
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First of all, if we compare the solid PPSU with the foamed specimens without 
reinforcements, in both cases the degradation starts first with the foams. However, the 
final amount of polymer at 1000Cº it’s larger for the foams. We can also observe how 
the xGnP doesn’t has a linear impact in the starting degradation temperature raising 
and lowering it randomly with the highest temperature values with the 1% and 2% of 
xGnP, but it has a big impact on the polymer left rising from 44,48/45,24% to 53-54%.  
 
 
 
5. Conclusions 
We achieved to elaborate polyphenylsulfone foams meeting the objectives as the 
reduction of the density of a 50%. 
The optimization of the foaming process and the preparation of the specimens 
improved as the project advanced day after day. As al ready mentioned, we were 
available to avoid big deformation by just bathing with hot water the specimens one 
more day and also favoring to eliminated the residual NMP. Moreover, the TGA and 
DSC could confirm that there wasn’t remaining NMP in the majority of samples. 
The addition of the graphene nanoplatelets besides improving a bit the thermal 
properties of the foam also contributed in making more uniform the microstructure and 
also reducing the cells size. 
As a continuation for future experiences, a test of electrical conductivity could be done, 
plus some mechanical tests. Also, the addition of other nonreinforcements could be 
interesting to see the performance of the PPSU with it. 
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